Objective: To examine the longitudinal association of dual and single (vision and hearing) sensory loss on symptoms of depression and anxiety in older adults.
Sensory loss in older adults ranks amongst the top 10 contributors to burden of disease in Europe. 1, 2 Almost one-third of adults aged over 65 experience hearing loss (HL), 3 and prevalence of vision loss (VL) is around 25% in those aged over 70 years. 4 Poorer mental health has been reported in sensory loss, 5 having a deleterious impact on quality of life and increasing disability. [6] [7] [8] To date, the majority of sensory loss and mental health literature has focused on VL and depression. Prior research consistently demonstrates that older adults with VL have an increased risk of depression. [9] [10] [11] [12] [13] Possible mechanisms include a reduction in social activities and subsequent social isolation. 14, 15 It has also previously been demonstrated that depression and worse mental health outcomes are observed in those with poorer mobility and physical health, [16] [17] [18] as well as being more common amongst women 17 and those who are less educated and unmarried or live alone. 19 Likewise, lifestyle factors such as smoking and alcohol consumption can underlie or reflect depression and poor mental health. 19 A smaller body of literature indicates that there is also a crosssectional relationship between HL and depression, 20, 21 although not all studies corroborate this association. 22, 23 One limitation of prior research is that few longitudinal studies have examined dual sensory loss (DSL) and single sensory loss concurrently. Depression symptoms have been reported to be more common amongst older adults with DSL compared with single sensory loss. 24 Yet the 3 longitudinal studies to date have yielded mixed findings, [25] [26] [27] and it remains unclear if DSL has an additional impact on mental health over and above single sensory loss. 5 Thus, there remains an ongoing need to better differentiate the relative impact of single sensory loss (VL or HL) and DSL in relation to mental health, especially longitudinally. 5, 14 Because of the previous narrow focus on depression, there remains a paucity of research examining anxiety in sensory loss. 5 Indeed, anxiety has been largely overlooked in the older adult literature, 16 despite being more prevalent than depression in communitydwelling older adults. 28, 29 Limited cross-sectional findings indicate that VL is associated with increased risk of anxiety. [30] [31] [32] The relationship between HL and anxiety remains largely unexamined, although a small body of cross-sectional evidence indicates that older adults with HL are more likely to have anxiety than those without. 12, 33 No studies to date have examined DSL and anxiety.
Currently, our understanding remains fragmented about the relative impact of VL, HL, and DSL on mental health over time 5, 14 and anxiety remains largely unexplored in sensory loss. This study provides a longitudinal examination of the impact of DSL on anxiety and depression symptoms over 6 years. In addition, our study further aims to differentiate the impact of single and dual losses by concurrently assessing the longer-term impact of VL, HL, and DSL on mental health.
| METHODS
This study forms part of the SENSE-Cog multiphase research programme, funded by the European Union Horizon 2020 programme.
SENSE-Cog aims to promote mental well-being in older adults with sensory and cognitive impairments (http://www.sense-cog.eu/). The first work package of this project aims to better understand the links between sensory, cognitive, and mental ill-health in older Europeans.
| Sample
The Tromsø Study is a longitudinal population-based study conducted are not yet available for analysis). Participants aged 60 years or older at the time of Tromsø 5 are included (n = 2890).
| Mental health outcome measures
Depression symptomatology and anxiety symptomatology were assessed using the Hopkins Symptom Checklist (HSCL) 10. This scale is derived from the HSCL-25 and has been shown to be a valid and reliable measure of psychological distress, with comparable performance to the longer version. 35 The Norwegian version has been validated and is widely used. 35 The HSCL-10 assesses both anxiety and depression symptoms. Respondents rate the severity of each symptom on a 4-point scale. Four items assess anxiety, and 6 examine depression. 36 In a Norwegian population, both the depression and 
Key points
• Little is known about anxiety in sensory loss, and mental health outcomes in dual sensory loss remain unclear.
• Vision loss and dual sensory loss were associated with worse depression severity over 6 years.
• Hearing loss was associated with greater anxiety symptoms.
• Dual loss poses a risk for greater severity of depression symptoms beyond vision loss only. and depression scores were log transformed owing to the positive skew, and transformed scores were converted to z scores for analysis.
| Sensory loss measures

| Statistical analyses
Three models were used to examine each relationship: a model adjusting for sex and age; a second model also adjusting for education, living alone, marital status, and use of antidepressant medication; and a third model further adjusted for health and lifestyle covariates (body mass index, smoking status, self-reported health, stroke, diabetes, myocardial infarction, hypertension, alcohol consumption, and mobility). Sensitivity analyses were also conducted for depression outcome controlling for self-reported social isolation, a possible mechanism underlying the VL and depression relationship. 14,15 Sensitivity analyses assessed whether adjusting for social network (self-reported having enough friends) and social activities (involvement in clubs/ associations) attenuated the main results. We also conducted analyses to examine a higher VL threshold (Snellen score < 20/40). Results were unchanged and due to small numbers meeting this threshold; we present only the <20/30 results. Analyses were conducted using SAS 9.3 (SAS Institute, Inc., Cary, NC).
| RESULTS
Of the study sample (n = 2156), the majority was female (52.9%) ( Table 1) . Mean age was 66.9 (±5.2) years. At baseline, the prevalence of single sensory loss was 25.2% (n = 543) for vision and 13.2%
(n = 285) for hearing, with 6.8% (n = 146) having DSL. Those with sensory losses were older and more likely to live alone, have mobility impairment, and have a history of stroke and myocardial infarction than those without sensory loss (Table 1) . Vision loss was more prevalent amongst women (58.6%, n = 318), whereas HL was less common among women (37.7%, n = 107).
| Depression symptomatology
Severity of depression symptomatology at baseline was low (median = 7, interquartile range = 6-8; HSCL range 6-24). Vision loss did not have a cross-sectional relationship with depression symptom severity ( Table 2 ). However, VL was associated with increased depression symptoms at 6 years in all models (b = 0.0220, SE = 0.01, P = .034).
Hearing loss was associated with increased depressive symptoms at 
| Anxiety symptomatology
Anxiety symptoms were also low in severity (median = 4, interquartile range = 4-5; HSCL range = 4-16). Vision loss was also not significantly related to anxiety symptoms, either at baseline or after 6 years (Table 3) . Hearing loss was associated with increased anxiety symptoms at baseline, even after full adjustment for covariates (b = 0.1765, SE = 0.08, P = .026); however, this relationship was not significant over time. Dual sensory loss was associated cross-sectionally with anxiety symptoms in the partially adjusted models, although this relationship was nonsignificant after full adjustment for covariates. The examined interactions were also nonsignificant. 
| Sensory loss and depression
Consistent with previous findings, 9,10 VL was associated with increased depression symptoms over time, although no cross-sectional relationship was observed. Conversely, we showed that HL had a cross-sectional, but not longitudinal, association with depression.
While results exploring hearing and depression have yielded mixed findings, our results build support for the previously reported crosssectional association between HL and depression in older adults. 20, 21 Whether dual loss confers additional risk to mental health beyond single sensory loss also remains unclear, with mixed results to date. 14,26,39,40 Our findings suggested an association with depression Model 1: n = 2064; adjusted for age and sex. Model 2: n = 1829; adjusted for age, sex, education, living alone, marital status, and use of antidepressant medication. Model 3: n = 1784; adjusted for age, sex, education, living alone, marital status, use of antidepressant medication, body mass index, smoking status, self-reported health, stroke, diabetes, myocardial infarction, hypertension, alcohol consumption, and mobility. Sensitivity analysis: n = 1549, adjusted for age, sex, education, living alone, marital status, use of antidepressant medication, body mass index, smoking status, self-reported health, stroke, diabetes, myocardial infarction, hypertension, alcohol consumption, mobility, social network, and social activities.
Significant relationships are highlighted in bold. No Loss (n = 1182) Vision Loss (n = 543) Hearing Loss (n = 285) Dual Sensory Loss (n = 146) P 
| Sensory loss and anxiety
Building on the limited extant research exploring the association between sensory loss and anxiety, it was found that sensory loss did not have a longitudinal association with anxiety symptoms. In our study, only HL was related to anxiety, and as with depression Anxiety has a deleterious impact on quality of life, increases levels of disability, 16 and decreases the ability to manage one's HL 50 ; therefore, anxiety symptoms should be addressed when older adults develop HL to prevent further disability and any worsening of the sensory loss. Furthermore, patients with co-morbid anxiety and depression have increased mental health symptom severity and chronicity, as well as greater functional loss and worse treatment outcomes. 51 The association of HL with both depression and anxiety suggests that co-morbid depression and anxiety may be common in this population, further underscoring the need for rehabilitation and mental health service provision for HL.
Dual sensory loss and anxiety have not previously been examined longitudinally, 5 and our study found that DSL does not pose a risk for anxiety symptoms. Although some studies have suggested crosssectional relationships between anxiety and eye diseases 52, 53 and VL, [30] [31] [32] we found no such cross-sectional effect. These differing results may be due to our use of a less severe threshold for VL. In contributing to the understanding of the interplay between sensory loss and mental well-being, this paper provides a strong rationale for improving health services and interventions to better meet the mental health needs of older adults with sensory loss(es). An increased focus on optimising aids and corrections is needed, given that use of assistive aids has been shown to reduce depression and mental health burden. 47, 54, 55 This is particularly important given the high rate of correctable VL in older populations. 56 Furthermore, older adults with VL and DSL, particularly, would benefit from depression intervention, while those with HL appear to have an immediate need for support regarding both depression and anxiety. Treatment of depression in those with VL is especially critical given the bidirectional nature of the VL-depression relationship. 9 Interventions might also aim to facilitate acceptance of the loss(es), which has been shown to lead to adjustment and reduced depression over time. 25, 57 It is particularly pertinent that services are directed towards older adults with sensory loss, given that over one-third of older adults with VL and co-morbid mental disorders do not receive mental health services. 58 
| Strengths and limitations
This study is presented with several strengths including concurrent examination of DSL and single sensory loss. A further strength is that both anxiety and depression symptoms were explored, allowing for a better insight into the mental health profiles of sensory loss in older people. However, this study has some limitations. Firstly, the mean age is relatively young (66.9 years) and thus may not adequately reflect functioning in the very old. Although we have undertaken one of the only longitudinal analyses of anxiety in sensory loss, there is only 1 follow-up time point; thus, we can draw limited conclusions regarding the evolution of longer-term psychological symptoms. Moreover, the study relies on self-reported hearing, which can have differential associations with mental health than measured hearing. 21 Because of study requirements that participants attend a clinic visit, there are few participants meeting severe VL thresholds; thus, we are unable to establish the relationship between severe VL and mental well-being. Finally, anxiety was assessed by 4 non-disorder-specific items. A more comprehensive assessment of anxiety would be of benefit for future research.
| CONCLUSION
This study provides the first longitudinal examination of depression and anxiety symptoms for concurrent sensory loss. Hearing loss has a unique relationship with anxiety symptoms, and DSL poses an additional long-term risk to depression severity beyond single sensory loss.
An ongoing focus on improving service provision to enhance uptake of targeted mental health interventions may help to reduce the burden of disease attributable to sensory loss and mental ill-health in the older population.
